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ABSTRACT
A Comparison of Instructional Strategies for Teaching
Entry-Level Welding at the High School Level
Jared Paul Massic
School of Technology, BYU
Master of Science
The traditional method of teaching welding has remained unchanged for decades. In this
model, an instructor gives demonstrations to a class of students and then helps them individually
as they practice the techniques of welding. This traditional instructional method has been
effective but is time consuming. Due to a significant increase in the demand for skilled welders
within the United States, efforts have been made to develop more efficient methods of providing
welding instruction. Various electronic welding guidance systems and virtual welding systems
have recently been developed. In this study, the researcher addressed two questions 1) Does the
use of an electronic welding guidance system improve the pass rate that entry-level high school
students receive on basic gas metal arc weld tests? 2) Will entry-level high school students who
learn gas metal arc welding with a guided welding training system learn how to weld faster
and/or more proficiently than those taught using the traditional training method?
A study was performed in an entry-level high school welding class to determine the
effectiveness of a guided welding instruction system in comparison to the traditional method of
teaching welding. The results of the study indicated that the traditional method of teaching
welding and the use of a guided welding system yielded similar results, both in quality and
efficiency, in student ability to produce basic GMAW welds.

Keywords: Jared Massic, welding, education, welding education, vocational, industrial
education, virtual reality, training, high school, gas metal arc welding
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1.1

INTRODUCTION

Nature of the Problem
For decades, students have learned how to weld through attending a trade school and

being taught by an instructor. In this teaching method, the instructor gives students examples of
quality welds and demonstrates proper welding techniques. As an instructor makes his or her
rounds to each welding station, he or she will give feedback on the welds that will satisfy the
students’ needs and help them progress. This is called the traditional welding method (TW). As a
student goes through this method, it often takes many hours to complete.
With a class load of upwards of 30 students there is typically one, or on occasion, two
instructors. In large classes, students may lose valuable time waiting for the opportunity to get
feedback from the instructor. Oftentimes, much of this critique is letting the student know if his
or her technique needs correction, i.e. are they moving too fast or slow across the plate or is the
angle of approach too steep or shallow. If a student could have this feedback given immediately,
his or her progress through a welding program might accelerate.
Researchers at The National Center for Welding Education and Training indicate that
upwards of 300,000 jobs will be available in the welding industry by 2019 (Ondov, 2009). In
order for students and educators to keep up with this demand, new teaching aides may be
necessary to expedite the training process. There are a few options on the market for
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commercially produced welding training equipment. These options include virtual reality
welding simulation systems (VW) and welding guidance systems (GW).
VW has been around in the welding industry since the early 2000’s (Journal, 2004).
Either by wearing a head set that will fully immerse a persons’ vision in a welding environment
or by looking at a monitor, VW allows a user to guide welding equipment in a simulated
environment. A computer will track several types of movement from the user and calculate
discrepancies. Depending on how accurate the user was in the system, a score is generated and
feedback is given on ways for improvement. The student can look at the computer generated
image of the weld and quickly see his or her progress.
GW is a hybrid of VW and TW. The student has the capability to run a live arc on
weld, with regular welding machines, while a computer system monitors his or her movement.
These GW systems can also be operated in a simulation mode to do a “test” run without arcing
the welding machine and the computer will still track the student’s movements with the welding
equipment. Afterward, the student will get a score based on how accurate he or she welded the
joint, and can see where the areas for improvement are by looking at both a real weld and the
feedback on the GW monitor.
These equipment options range in price from a few thousand dollars to tens of thousands
of dollars for one machine. However, with the help of these modern training aides, a student can
receive this feedback almost instantaneously and not have to wait for an instructor every time
improvements needed to be made.
In summary, “…welders [are] retiring at twice the pace of new welders coming into the
field” (Shook, 2009) and students are not learning some of the aspects of welding well enough or
2

fast enough to meet the demand created by people retiring from the welding profession. Welding
training equipment (VW, GW) could quite possibly help students learn to weld more efficiently
and, in turn, fill welding positions as they become open.
A review of literature was conducted, and the amount of research reported to date on the
effectiveness of VW is minimal. Only one researcher was found using training aids and tracked
the results against traditional welding (Stone, 2013; Stone, 2011; Stone, 2011). This study was
limited in the sample size and referenced only an adult population. No research on this topic has
been conducted with high school students. Additional research is needed to determine how
effective VW and GW welding trainers are in training new welders for the profession and how
effective VW and GW welders may be in training high school students in particular.

1.2

Purpose of the Research
The purpose of this research is to determine whether high school students in entry-level

welding classes can learn how to weld proficiently and quickly through the use of welding
training equipment (GW) as compared to students using the traditional method of learning to
weld (TW).

1.3

Research Questions
Question 1: Does a welding guidance system (GW) improve an entry-level high school

student’s ability to learn to weld? This question was answered by addressing two more specific
questions: (a) does the guided system improve final test scores compared to the traditional
method on the three final welds completed by the students; and (b) does the guided system
improve a student’s probability of receiving a passing score on the three welds completed?
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Question 2: Does a welding guidance system (GW) impact the efficiency with which
students learn to weld? To answer this general question, the data must be analyzed to answer
two more specific questions: (1) Does the guided system increase the number of passing welds
per hour; and (2) Does the guided system improve materials usage efficiency?

4

2

2.1

REVIEW OF LITERATURE

Review of Literature
Ondov, Smith, and Visdos (Ondov, 2009) addressed in their writings that the United States

is short of welding operators, and skilled workers are needed to take the jobs that are
available. Dr. Ondovs’ paper helped the author think of ways to focus his own research on the
need to speed up the training of skilled welding operators. The Advanced Technological
Education Centers are educational institutions across the U.S. that have partnered with the
National Science Foundation to help prepare students of all levels to be ready for potential
welding careers. Dr. Ondov’s paper also provided important contacts/groups in industry, such as
Weld-Ed, that could be used as references in the future. Weld-Ed has a three-fold mission, (a)
Increase the number of welding technicians to meet the ongoing workforce needs; (b) Impact
recruitment of women, minorities, and special needs workers; (c) Foster and enhance faculty
professional development and continuing education for welding educators.
Ondov, et al went on to explain that the National Science Foundation grant for Weld-Ed
was to help establish career pathways from high school through community colleges and
universities; assist in the recruitment and preparation of welders, welding technicians, welding
engineers; address immediate workforce needs; and to provide long-term guidance to the entire
welding industry. Individuals at Weld-Ed would also explored ways to expand apprentice
opportunities, and developed an outreach program to encourage more youth and/or job seekers to
5

consider educational credentials and degrees specific to the high-demand welding and materials
joining industry. Lastly, they have took on the responsibility to continually gather information
and provide a true snapshot of today’s needs leading to a “demand-driven” response through
education, training, workforce, and economic development.
Stone, Watts, and Zhong conducted studies at the University of Iowa (Stone, 2013; Stone,
2011; Stone, 2011) using virtual welding (VW) simulators to teach entry-level students how to
weld. The first paper published (Stone, 2011) mainly focused on the cognitive and physical
impacts of learning how to weld using the integrated 50 percent VW/50 percent TW compared to
100 percent TW. For the study conducted at ISU two welding labs were set up. One lab was
outfitted with traditional welding equipment, welding booths, and supplies. The other lab was set
up with virtual welding systems, welding booths and supplies. The study included twenty-two
adult students in total. Half of the adults were taught at a time for two weeks each. One group
received instruction with TW the whole time, and the other group was taught half time on VW
and then half time on TW. These adults practiced four weld types ranging in difficulty from easy
to moderate.
The results showed that the VW integrated group performed as well as, and in some cases
significantly outperformed, the TW group. The study also showed the physical ability of these
trainees by hooking up medical electrodes to specific muscle groups and tracking proper muscle
contraction as welds were performed. Expert welders were also tested with these electrodes as
they welded and the results were then compared with how the new trainees preformed. It was
concluded that learning on the VW systems teaches comparable motor skills to that of TW.
Next, Dr. Stone published his findings on evaluating the training potential, team learning,
material consumption, and cost implications of learning how to weld using integrated 50 percent
6

VW/50 percent TW compared to 100 percent TW (Stone, 2011). Using the same scenario as in
their first study, the research team looked at the data in a different way. All the adults practiced
the same four welds, over the same two-week period. Teams of two were developed when they
started using the VW systems. It was observed that when the teams were operating TW
equipment, they seemed to have less team interaction with each other. On the other hand, as the
groups entered the VW section of the study, they began to communicate more with each other
and had an increased desire to help each other to pass off the welding assignments.
As the adults went through the course of study for two weeks, the research team looked
very closely at the number of metal plates used, the amount of welding electrodes used, and the
time spent on each assignment. This was information was considered in terms of real world
usage and virtual world usage. In relation to real world usage, researchers looked at both TW
and the integrated VW groups, and the amount of metal and electrodes that were used. Being
that the VW group only welded on physical material for one of the two weeks, they used less of
the real material. However, when Dr. Stone looked at the amount of virtual material used by the
VW group and combined it with their real-world use, it exceeded the use from the TW group. It
was observed that in the VW system, the users would not be afraid to re-run a weld if the system
said it was bad, and they also would not have to wait to have the material cut and tacked
together. Also not having to track down the instructor to get their welds examined, they received
immediate feedback and continued to practice and correct their actions. When the cost of
materials consumed in VW instruction was compared with material used in TW, it was
concluded that there was significant monetary savings with the integrated VW group.
Lastly, Dr. Stone and his team reported on the effectiveness of a 100 percent VW program
compared to one that only used VW 50 percent of the time and TW the remaining 50 percent
7

(Stone, 2013). They looked specifically at the use of overlays in the VW system, performance,
and physical impact. As the same for their first study, they used medical electrodes to track the
muscle usage of their participants. This showed how well the 100 percent VW group learned
proper muscle technique compared to the set of expert welders and those who learned how to
weld with 50 percent VW. Between the two instructional methods, there was no significant
difference in the pass rate of three out of the four welds practiced. The most difficult weld was
a 3G vertical up test, and the students had a lower success rate, but they still had a high pass rate.
In regard to performance, the research team discovered that 100 percent VW did just as well as
the 50 percent VW group except for the most difficult weld. Dr. Stone concluded that using 100
percent VW for easy welds is a viable way for welding operators to be taught.
Overlays in the VW system were also looked at by Dr. Stone. Most VW systems have
some sort of visual graphs that are available to be placed over the screen to give cues on ways to
correct the operator, such as electrode angle, travel speed, etc. Multiple cues can be used
individually, or the user can pick and choose multiple overlays that can help the user. These
overlays can help with arc length, work angle, and travel angle to name a few. Dr. Stone was
curious to see if any of these particular overlays were used and correlated to a better pass rate of
assignments and welding tests. It was concluded that one or two overlays were more effective
than others, and a few seemed to decrease the pass rate. A single overlay used by itself was also
deemed more effective than multiple overlays used in one attempt. They called this the tipping
point where a user could get distracted by trying to look at too many overlays at one time and
their success would diminish.
In all, these papers that Dr. Stone wrote are beneficial in explaining how research could be
conducted using different methods to teach welding. Dr. Stone’s studies gave this researcher a
8

direction in which to take this study, in comparing how effective different methods of welder
training can be.
The benefits of using virtual reality welding machines (VW) to quickly and efficiently
train new welding operators were discussed by White, Prachyabrued, and Chambers (White,
2011). These benefits included being able to train multiple welders at one time without having
to hire a plethora of instructors; ease the burden of instructors; lower cost of the students’ tuition
and lastly; present the students with additional information both during and after their weld
attempts can speed up their progress.
Dr. White’s team concluded that to expeditiously fill the need for highly qualified welders,
many of these VW systems are now needed in training centers. The problem is the VW systems
are expensive. Most training systems range in price from $30-$70+ thousand dollars each. Dr.
White related how he built a welding simulator for about $5,500 dollars. He included the list of
materials and broke down the cost for each item. Dr. White also described how he received
proper acoustics to simulate the sound of a real weld, as well as get an optimal graphic
representation of a weld. Though this is good to know, Dr. White did not provide instructions on
how to build such a machine. Furthermore, the typical welding teacher would not have the time
or knowledge to make such a complex system. This study showed, however, that the VW
systems are good at what they are designed to do but are overpriced for the market they are
shooting for.
The researchers noted above indicate that VW welding training systems can decrease the
amount of time needed to learn fundamental welding techniques. The research on VW is
altogether minimal, and it’s practically nonexistent with high school students. The proposed
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research examined the effectiveness of VW and GW in teaching high school students how to
weld.
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3

3.1

METHODOLOGY

Methodology
This study was conducted using three sections of an entry level welding course. The

population consisted of 76 students; 48 students were fifteen years old, 18 students were sixteen
years old, 9 students were seventeen years old, and 1 student was eighteen years old. One female
student, and 75 male students were involved. Fifty-eight were sophomores, nine were juniors,
and nine were seniors. Students were randomly assigned to one of the following methods of
welding training within each section; (1) traditional welding (TW), or (2) the welding guidance
system guideWELD™ (GW). Therefore, each section had students completing welds on both
the GW and TW in the same lab at the same time, but only to their assigned method. To assist in
assigning the students to a method, the researcher conducted a pre-test to make sure any inherent
ability, or lack thereof, to weld can be tracked. The pre-test was scored out of ten points by
using the rubric for weld samples (Document 1). The scores were grouped in three levels; High
(10-8), Medium (7-4), and Low (3-0). To keep the skill level of the students in each group as
equal as possible, an even number from each group were randomly assigned to each method of
learning.
With approximately 75 students in the entry-level program, each training method had 33
± 1-2 students. Students assigned to the TW group used the welding equipment that is typically
used in a high school welding shop and those students practiced making real welds on metal
11

plates. Those assigned to the GW group used the guideWELD™ system that tracks all the data
similar to a virtual system. While the students actually welded on metal plates, they received
feedback in their welding helmets and made adjustments in their techniques while they welded.
As stated on Realityworks® website, “the guideWELD™ system provides immediate feedback
on work angle, travel angle and speed from inside the welding helmet while the user is
performing live, arc-on welds”. (Realityworks)
Students were given eight hours of shop time. Eight hours was the chosen time frame
because of the pace of this particular class. The goal was to simulate one full eight-hour day of
training. Most students had never welded before this class. The students practiced only the Gas
Metal Arc Welding (GMAW/MIG/wire feed) process on carbon steel while data was being
collected. Welding positions were prescribed according to how gravity affects the axis of the
weld (Figure 3-1).

Figure 3-1 Weld Positions
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In the eight hours available, students were asked to practice and perform a 1G Square
Butt Joint (G Weld), a 2F Tee Joint (T Weld), and a 2F Lap Joint (L Weld) all on 1/8” and 1/4”
thick by 2” wide and 6” long carbon steel. There were six total assignments. The eight hours of
shop time occurred during approximately eight class periods over a total time of three weeks. A
worksheet was given to all students to help them and the instructor track their progress
(Document 2). This sheet helped the researcher in collecting the data points necessary.
Class periods ranged from 72 minutes to 82 minutes. This allowed for some instruction
on theory and content knowledge at the beginning of class and a ten-minute clean up period at
the end of class. When the school year started all students went through shop orientation and
safety. This time was not calculated in their training time for this study. As well, all students
were shown demonstrations on how to use the welding equipment. All students at this time were
then given a welding pre-test. They welded a single stringer bead on 1/4” x 2” x 6” steel plate.
Document 1 was used to develop a pre-test score and help with a fair stratified randomization of
students assigned to each instructional method.
Students who followed the traditional method (TW) received critique and suggestions for
improvement as they sought the guidance from the welding instructor on hand, typical of what
they would receive in any traditional welding program. As they reached an approximate skill
level of 85 percent, the instructor allowed them to move on to the next assignment. Metal plates
were available for both TW and GW already cut into 2” x 6” pieces.
Students learning with the guided method (GW) received help from the instructor on
setting up, operating equipment, and troubleshooting the technology. The instructor was
available to help interpret the feedback and guide the students in their progress when necessary.
It is a firm belief of the researcher that these machines were never intended to replace the role of
13

an instructor, and as such, he still maintained proper intervention with the students. The
simulators tracked every movement made by the operator and gave real time feedback. Each
student practiced welding while receiving feedback from the machine and then produced welds
until they reached the skill level of 85 percent, similar as those on TW.
Inspection and grading of all of the welds was conducted by the researcher who is a
Certified Welding Inspector (CWI) and Certified Welding Educator (CWE). Both are
credentials earned through the American Welding Society (AWS). Two independent CWI/CWE
professionals, inspected the final weld tests to avoid any conflicts of interests. The criteria for
inspection was based on Table 6.1 of AWS D1.1 welding code (Document 3). This table is
intended to be the minimum standard at which to pass/fail a weld visually according to this
particular welding code. Criteria for the rubric for weld samples were taken from this table and
compiled as Document 1.
After both groups had eight hours of training time, all students were required to perform
actual welds tests using traditional welding equipment and supplies. Students were given one
chance at three specific hands-on welding tests on 1/4” thick carbon steel. Three skills
competency tests were required, a 1G Butt Joint, a 2F Tee Joint, and 2F Lap Joint, all welded on
a single side. These welds were graded visually on a ten point scale using Document 1. If it
passed visually with an 8/10 and met the limits set by Table 6.2 it was considered a pass. No
physical tests for weld strength were conducted. All weld tests were placed in metal buckets.
Students were encouraged to put them in any of the 6 designated buckets. The CWI’s pulled
from these buckets also at random to do the final scoring.
The data from the different groups was analyzed and compared against each other using
ANOVA and several Fisher’s tests, which are statistical significance tests used in the analysis of
14

contingency tables. The following observations were made for analysis. What was the amount of
time taken by each student to pass each assignment? Did the student use the whole time allotted
to him/her, and did the student finish ahead of schedule? Which group passed the most skills
competency tests and qualification tests? Did any group do statistically better than the other on
these tests? What was the amount time each student used to complete the welds? What was the
number of attempts it took each student to complete each welding assignment? What was the
number of metal coupons used by each student in order to pass off a weld? The data collected
also provided information regarding the relative cost of the training programs.
The dependent variables were the rubric score, time taken, the number of attempts taken
with each assignment, and the number of students who passed the weld tests. The independent
variables were what method was used, pre-test score, final test score, and a possible look at what
grade level the student was in (10th, 11th, or 12th). It was unrealistic to expect perfect attendance
among 75 different students throughout the course of the study. Therefore, data was dropped
from the study for any student that was absent more than twice during the eight day trail.
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4

4.1

FINDINGS

Findings: Question 1

Question 1: Does a welding guidance system (GW) improve an entry-level high school student’s
ability to learn to weld?
This question was answered by addressing two more specific questions: (a) does the
guided system statistically improve final test scores compared to the traditional method on the
three final welds completed by the students; and (b) does the guided system improve a student’s
probability of receiving a passing score on the three welds completed with statistically
significance?

4.1.1

Effect of the Guided System on Final Test Scores

The final scores of three welds (T-, L-, and G-Weld) were tested whether the mean scores
differed between the traditional and guided learning methods. This was analyzed using t-tests of
differences in means. Before the experiment was initiated, it was hypothesized that the guided
system would assist learning better than the traditional learning method. Therefore, all p-values
are reported as one-sided p-values.
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4.1.2

Average of Scores on Three Tests

All three test scores of each student were first averaged to provide an “Average of 3
Tests.” A scatterplot of the “Average of 3 Tests” by learning method is shown below.

Figure 4-1 Average of 3 Tests

Table 4-1 Average of 3 Tests

The data had an approximately normal distribution, and the standard deviations between
the traditional and guided methods were not significantly different. The researcher used a pooled
t-test to test the difference in the means (shown below).
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Table 4-2 Average Pooled t-test

No evidence was found that the guided system improves average test scores (one-sided pvalue = 0.866). Although the difference is not significant, students that used the guided welding
system actually scored slightly lower than students using the traditional method, on average (by
0.30 points).

Table 4-3 G-Weld Analysis

Table 4-4 T-Weld Analysis

Table 4-5 L-Weld Analysis
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Figure 4-3 G-Weld Analysis

Figure 4-2 T-Weld Analysis

Figure 4-4 L-Weld Analysis
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The researcher was interested to know whether the guided system improved any of the
three welds. A discussion of these analyses follows. A scatterplot of the scores of each test by
learning method is shown below. As with the “Average of 3 Tests,” the data indicates that all
three samples had an approximately normal distribution, and that the standard deviations
between the traditional and guided methods did not vary significantly. A pooled t-test was used
to evaluate the difference in the means for each test (shown below).

Table 4-6 T-Weld Pooled t-test

Table 4-7 L-Weld Pooled t-test

Table 4-8 G-Weld Pooled t-test
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There was no statistical evidence that the guided system improved test scores on the TWeld (one-sided p-value = 0.924), L-Weld (one-sided p-value = 0.8759), or the G-Weld (onesided p-value = 0.572). Although the differences were not significant, students that used the
guided welding system scored slightly lower on all three tests than those using the traditional
method (by 0.48 points for T-Weld, by 0.32 points on the L-Weld, and by 0.09 points on the GWeld).

4.1.3

Effect of Guided System on Final Test Passing Rate

Looking in relation to whether the guided welding system improved a student’s passing
rate on the final tests. Scores were given on a scale of 0-10. In order to pass the weld test, a
score of 8 or higher was required. A mosaic plot showing probability of receiving a passing
score on each test is below.

Figure 4-5 L-Weld Mosaic Plot
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Figure 4-7 G-Weld Mosaic Plot

Figure 4-6 T-Weld Mosaic Plot

The contingency table provided below shows that of all students passing the T-Weld test,
43.75 percent used a guided welding system. Fisher’s test shows that, given this particular data,
the probability of passing the T-Weld test is not significantly greater for a student using the
guided system (p-value = 0.903).

Table 4-9 T-Weld Fisher’s

Table 4-10 T-Weld
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The contingency table provided below shows that of all students passing the L-Weld test,
45.16 percent of them used a guided welding system. Fisher’s test shows that, given this
particular data, the probability of passing the L-Weld test is not significantly greater for a student
using the guided system (p-value = 0.856).

Table 4-11 L-Weld Fisher’s

Table 4-12 L-Weld

The contingency table provided below shows that of all students passing the G-Weld test,
45 percent of them used a guided welding system. Fisher’s test shows that, given this particular
data, the probability of passing the G-Weld test is not significantly greater for a student using the
guided system (p-value = 0.807).
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Table 4-13 G-Weld Fisher’s

Table 4-14 G-Weld

4.2

Findings: Question 2
Question 2: Does a welding guidance system (GW) impact the efficiency with which

students learn to weld?
To answer this general question, the data must be analyzed to answer two more specific
questions: (1) Does the guided system increase the number of passing welds per hour; and (2)
Does the guided system improve materials usage efficiency?
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4.2.1

Effect of the Guided System on Passing Welds Per Hour

The first question was tested by performing a multiple linear regression using the
following model:
Passes per hour = β0 + β1Guided + β2Average of 3 Tests + β3Absences

(4-1)

The reasoning behind including the average score of the 3 tests and absences as control
variables is based on our hypothesis. It was expected that the average final score correlated with
both the method of learning and the number of welds passed per hour. Also, it was expected that
the number of absences would correlate with both the method and the number of passes per hour.
These expectations lead the researcher to believe that leaving the variables out of the model
would result in a biased estimate of β1 for the effect of method on passes per hour.
The residual plot from the regression has no discernable pattern (shown below). This
suggests that the model meets the assumption of reasonably constant variance. Also, the central
limit theorem suggests that normality assumption is reasonable because the sample size was
relatively large (70) and the groups were approximately the same size.

Figure 4-8 Group Residual Plot
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Using this data, there was not a significant difference in passes per hour between the two
welding methods (p-value = 0.5335, one sided p-value = 0.26675). However, the best estimate
for the difference in mean passes per hour between guided and traditional methods while holding
the average of 3 tests and number of absences constant is 0.032. Consequently on average this
model suggests that a student using the guided system passed 0.032 more welds per hour than a
student using the traditional system. The 95 percent confidence interval for this difference is
from -0.07 to 0.135. We note that the average of 3 tests is statistically significant while the
number of absences only has suggestive significance in effecting passes per hour. The complete
results are shown in the table below.

Table 4-15 Welds Per-Hour Guided

4.2.2

Effect of the Guided System on Materials Usage

This research question was tested by performing a multiple linear regression on the
following model:
Plates per hour = β0 + β1Guided + β2Score + β3Absences

(4-2)

The reasoning behind including the average score of the 3 tests and absences as control
variables are the same as in the prior question. It was expected that including these control
26

variables resulted in an unbiased estimate of β1. The residual plot below shows a few residuals
far above others. However, these residuals do not change across level of predicted values. This
suggests that the model meet the assumption of reasonably constant variance. Also, the central
limit theorem suggests that normality assumption was reasonable because the sample size was
relatively large (46) and the groups were approximately the same size.

Figure 4-9 Material Usage Guided

Using this data, statistically significant difference was not found in plate usage between
guided and traditional methods (p-value = 0.12, one sided p-value =.94). However, the best
estimate for the difference in mean plates used between guided and traditional methods while
holding the average of 3 tests and number of absences constant is 7.56. Thus, on average this
model suggests that a student who used the guided system used 7.56 more plates than a student
using the traditional system. However, this difference has a p-value of 0.94 with a 95 percent
confidence interval from -2.05 to 17.18. This suggests that we fail to find support that the guided
method reduces materials usage. The results are only marginally suggestive of a difference.
However, since the coefficient is positive, the marginally suggestive evidence is not in support of
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guided welding being more efficient in terms of materials usage. The complete results are in the
following table.

Table 4-16 Material Usage Guided

28

5

5.1

CONCLUSIONS

Limitations
One limitation of this study is derived as a natural consequence of the pool of

participants. The subjects in the experiment were high school students that, as a group may have
had essential differences from others who would use this guided-welding technology to learn
welding. The ages of the students were as follows: 48 students were fifteen years old, 18 students
were sixteen years old, 9 students were seventeen years old, and 1 student was eighteen years
old. Teenaged individuals may be less cognitively developed, or not as conscientious in their
learning as older individuals who would be willing to pay to learn how to weld to progress
toward a profession in welding. This lower level of maturity, motivation, and possible lack of
effort could play as a confounding element that distorts the true potential of the guided welding
system to improve learning for individuals for whom the technology would be intended. Future
research should use subjects that are more serious about welding as a career.
Another possible reason that the researcher didn’t find more significant results is that the
system was used over a relatively short time frame, only eight hours. The complexity of the
guided-system equipment might have overwhelmed some students. Much of their welding time
may have been used to learn how to use the guided system instead of actually learning how to
weld. Setting up the guided equipment and calibrating it regularly, replacing batteries were tasks
the students had to bear every class period. It is hypothesized that future research similar to this
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study with a longer period of time for training may hold different results. As students could
become more familiar with the routine of the equipment, they might in turn be more receptive to
the feedback and quicker to correct, and pass off at a higher score.
Since the experiment used a randomized treatment, inference can be made that the
difference in teaching methods caused the changes in the response variables. However, the
results cannot be generalized to a broader population.

5.2

Conclusions
The analysis did not provide any evidence that the welding guidance system impaired the

test scores or pass rate of an entry-level high school student to learn to weld. Neither did it
suggest that the welding guidance system was able to significantly impact the efficiency with
which students learned to weld in terms of passes per hour or material usage. According to the
data, students taught using the guided welding system were able to pass off welds slightly faster
than students being taught using the traditional instructional method.
Learning how to weld and pass off assignments is time-consuming and often results in
delayed feedback from an instructor. From an instructor’s perspective, having a line of students
waiting for small tidbits of information to help a student progress is concerning. The guided
welding system was able to immediately provide information regarding work angle, travel angle,
and speed rate to students as they practiced welding. Quickly receiving this information is one
of reasons the researcher believes that the guided system helped students pass off welds slightly
faster per hour than the traditional method. Therefore, in a high school setting, a guided welding
system could be a viable supplement to the traditional welding method provided funding is
available to purchase the equipment.
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